If gamma-ray burst sources are cosmological in origin, then the time dilation at large z can correlate a burst's duration with its peak ux. Detection of this e ect is thought by many to be strong evidence for a cosmological burst origin. In this letter I show that an apparent time distortion|either a dilation or contraction|is generally expected for an ensemble of bursts that is spatially limited within Euclidean space. The appearance of this e ect is correlated with the falling away of the log N{log P curve from a ?3=2 slope line. An example of this e ect is provided by the relativistic bulk motion model, which produces a strong time dilation when spatially limited in Euclidean space. As a consequence, evidence that weak bursts have longer durations than strong bursts is not evidence of a cosmological burst origin.
INTRODUCTION
Cosmological models of gamma-ray bursts are slowly superseding the older galactic models within the theoretical astrophysics community, but this shift is based on only one observational result: the isotropic but inhomogeneous distribution of gamma-ray bursts. This is somewhat unsatisfying in that the evidence is against a galactic origin rather than for a cosmological origin.
Finding positive evidence for a cosmological origin is quite di cult: no gammaray burst has a line from which a redshift can be derived; no gamma-ray burst has a gravitational lens associated with it; and no gamma-ray burst has a quiescent counterpart from which to derive a distance. This forces one to search for cosmological signatures in burst ensembles. The di culty of such an undertaking was recently emphasized by Trimble (1994) , who pointed out that in studies of extragalactic sources evolution dominates cosmological expansion.
Over the past several years a number of authors have proposed nding a cosmological redshift in gamma-ray bursts by studying their temporal structure (Paczynski 1992; Piran 1992) . Essentially these studies attempt to discover whether weak bursts are on average longer than strong bursts, since cosmological time dilation produces such an e ect. Recently several authors claimed to nd this correlation between duration and ux from several di erent tests applied to data from the Burst and Transient Source Experiment (BATSE) on board the Compton Gamma-Ray Observatory (CGRO) Davis et al. 1994) , although others fail to nd the e ect after applying one of these tests to a di erent BATSE data set (Mitrofanov et al. 1994 ).
In x2 of this letter I show that the observation of a lengthening burst duration with decreasing ux is easily produced by an inhomogeneous distribution of bursts in Euclidean space. Moreover, the ux at which the time dilation appears is also the ux below which the log N{log P curve deviates from a ?3=2 power-law. As a consequence, an observed onset of time dilation at uxes below the break in the log N{log P is not evidence that burst sources are cosmological rather than galactic. I clarify this point in x3 by calculating the average duration as a function of minimum ux for a relativistic bulk motion model of gamma-ray bursts. My conclusions regarding our inability to determine the origin of bursts through the average characteristics of burst ensembles are given in x4.
TIME-FLUX DEPENDENCE IN EUCLIDEAN SPACE
If gamma-ray bursts are con ned to Euclidean space, then there is no fundamental link between the distance at which the burst density goes to zero and a dilation of burst duration. In what follows I assume that the intrinsic characteristics of gamma-ray bursts are independent of their position in space. I also assume, to simplify the problem, that bursts are isotropically distributed about the earth with a density n (r). This density goes to a constant value for r r c , where r c is a characteristic length scale, and it rapidly goes to 0 as r ! 1 (that is, su ciently fast to make the integrals de ned below bounded).
The distribution function for the parameters characterizing a gamma-ray burst is de ned as G (q), where q is an n dimensional vector of all burst parameters, such as the intrinsic duration and the intrinsic peak ux.
The various timescales measured by the various proposed tests can be represented as the average over the burst duration t. This is given by the following ratio of integrals:
( 1) where V represents the integral over all observable parameter space. The peak ux of a burst is de ned by f = F (q) =r 2 . Because a burst is observed when f > f 0 , one sees that any value of q produces an observable burst for some value of r as long as F (q) 6 = 0. As a consequence, only r has an integration limit that is less than its full range of variation. This integral is 
The observed time is also a function of the intrinsic characteristics of the burst, and can be written as t = T (q). With these de nitions, the observed average duration is given by
The integrals are over the full domain of q.
Two important facts are immediately apparent from this equation. The rst is that if the burst density is constant throughout Euclidean space to in nity, then N (r) / r 3 , and f 0 factors out of equation (4), making the average duration independent of the limiting ux. This implies that the bursts in the ?3=2 portion of the log N{log P curve should show no evidence of a correlation of duration with peak ux, and therefore no evidence of a time dilation.
The second important fact is that for a general function of N (r) the limiting ux cannot be factored out, so the only way of removing the dependence of hti on f 0 is to let G (q) = g (q 1 ) h (q 2 ), where q 1 and q 2 are independent subsets of q, with T (q) = T (q 1 ) and F (q) = F (q 2 ). In this case equation (4) becomes hti = R T (q 1 ) g (q 1 ) d n 1 q 1 = R g (q 1 ) d n 1 q 1 , which is independent of f 0 . But if this separation is impossible|and generally it is|one must expect hti to have a dependence on f 0 whenever one is observing to the spatial limit of sources. This implies that one should expect to observe a time dilation or contraction when comparing the average duration of bright bursts to the average duration of dim bursts. If one is unlucky, it will be a dilation, which could mimic the time dilation expected for a Friedmann universe.
THE RELATIVISTIC BULK MOTION MODEL
It is, in fact, easy to be unlucky in our models. As an example I examine a relativistic bulk motion model for gamma-ray bursts, which has long been a staple of galactic models, and is now used in most cosmological models. In this model a burst's intrinsic duration and intrinsic luminosity are set in the comoving frame of the medium emitting the gammarays. For a Lorentz factor of , a dimensionless momentum u ( (6) where F 0 is a constant proportional to the intrinsic burst luminosity.
The model we shall examine is composed of mono-energetic gamma-ray burst sources that are uniformly distributed within a sphere of radius R. Because u, , and F 0 are xed in value, the jet orientation, which is uniformly distributed over 4 , is the only free 
The function N (r) is Cr 3 for r < R and CR 3 for r R, where C is a constant. Evaluating the integrals in equation (7) under the assumption that ? u 1 gives the following . If the underlying spectrum of the burst is hard (i.e.
2), the average length of the burst increases as F ?1=4 0 , which gives a factor of 1:8 increase in duration with each factor of ten decrease in burst ux. 
A normalized version of this equation is plotted in Figure 2 . Comparing equations (8) and (9) (or Figures 1 and 2) , one sees that the appearance of the break in the log N{log F 0 is tied to the appearance of a time dilation.
Because the slope of the log N{log F 0 is of order ?
1 4
, the observed break to ?0:8 ) must be constructed by allowing u and F 0 to vary. Each variable a ects the average observed duration in a di erent manner, which suggests that one can easily construct a model that is consistent with the observations. For example, if the distribution of u is u for u u 0 , and 0 for u > u 0 , then the resulting log N{log f curve breaks to a slope of ( ? 1) 
CONCLUSIONS
Whether or not a given characteristic measured for an ensemble of gamma-ray bursts is strong evidence for a particular burst model depends on the uniqueness of the result. As the above discussion indicates, the appearance of time dilation in bursts with uxes below the break in the log N{log P curve from the ?3=2 slope is not unique to cosmological models, but is in fact expected for some non-cosmological models. As a consequence, the results of Norris et al. ( , 1994 and Davis et al. (1994) are consistent with, but not proof of, a cosmological origin of gamma-ray bursts.
The intrinsic properties of current cosmological burst models may dominate any e ect from cosmological expansion. The reason is that all models now under consideration employ bulk relativistic motion to avoid the destruction of the observed GeV photons through photon-photon pair creation. If the bulk motion is only in one direction, a correlation of burst duration with burst ux appears. One must keep in mind that this e ect is strong, and therefore may compete with any cosmological redshift.
These comments concerning time dilation also apply to the dependence of the average peak value of the F curve on the minimum burst ux and to other measures of spectral curvature. The general nature of equation (4) suggests that studies of the average characteristics of gamma-ray bursts will not resolve the question of burst origin, and that we must look to other tests, such as the discovery of gravitationally lensed gamma-ray bursts or the observation of photoelectric absorption of bursts at low galactic latitude (Schaefer , 1994 , for model independent derivations of the distance to gamma-ray bursts.
